In this study, chemical components, antioxidant and antibacterial activity of tomato seed oil were investigated. 
Introduction
Recently, there is an increased interest in the natural sourced matter, such as polyphenols, flavonoids, vitamin C and vitamin E, ubiquitous in fruits, teas, vegetables, cereals, and medicinal plants, for antioxidant and antibacterial compounds use (Hseu et al., 2008; Hussain et al., 2008; Ozturk and Ercisli, 2007; Zhou and Elias, 2013) . In general, such natural matter is highly effective free radical scavenger and they are way less toxic than synthetic antioxidants (Barana et al., 2012; Pokorný, 2007; Zhu et al., 2011; Zou et al., 2004) , such as BHA, BHT, propyl gallate and citric acid used in the food industry. These additives can cause nasty side effects in the food processing. (Kapoor et al., 2009) . Based on these facts, the plant kingdom with a variety of natural compounds has attracted a lot of attention. Finding natural plant materials with both antioxidation and antibacterial effects becomes an ideal goal in the research field of food additives research (Ebrahimabadi et al., 2010) .
In recent decades, the consumption of tomatoes and tomato products has been suggested to be able to reduce the risk of certain chronic diseases by preventing doxorubicin-induced cardiac myocyte oxidative DNA damage, reduce the levels of serum prostatespecific antigen, and positively modulating other disease (Agarwal and Rao, 1998; Ferreira et al., 2007; Van Breemen et al., 2011; Walfisch et al., 2003) . These are primary due to the existence of a variety of antioxidants in tomoato (García-Alonso et al., 2009) , including fatty acid, alcohol, tocopherol and phenolic compounds, (Martínez-Valverde et al., 2002) .
Tomato seed oil is considered a good source of an edible oil and one of the major food ingredients across the world. It can be extracted from tomato seed, which is the major by-product of the tomato paste manufacturing industry. It is considered to be a good source of edible oil and one of the major food ingredients across the world (Evangelos et al., 1998) . In order to make full use of tomato seed oil and to improve its economic value, it is z 50 _ 800). The identity of the components was assigned by matching their spectral data with those detailed in the Wiley 229.
L, Wiley 7.L and NIST 08.L libraries. The relative percentage of the oil constituents was expressed as percentage by peak area normalization, without using correction factors.
Antioxidant activity Antioxidant activity of tomato seed oil was screened using both DPPH free radical scavenging and hydroxyl radical (OH·) scavenging methods..
(1) DPPH radical scavenging assay
The DPPH assay usually involves hydrogen atom transfer reaction, but, based on kinetic data, an electron transfer mechanism has also been suggested for this assay (Li et al., 2008) . Briefly, the tomato seed oil (concentrations ranging from 0.1 to 8 mg/mL) and the synthetic standard antioxidantBHT, ranging from 10 _ 4 to 1 mg/ (2) Hydroxyl radical scavenging assay
The scavenging activity of tomato seed oil on OH· was measured using a Fenton reaction with a few modifications (Jin et al., 1996) . OH· could oxidize Fe 2+ into Fe 3+ , and only Fe to 200 µg/mL)or BHT (as a positive control, ranging from 1 to 500 µg/mL), and incubated at 37℃ for 60 min in a water bath, the absorbance of reaction mixture was measured at 536 nm against reagent blank.
after reaction, respectively. 
Antibacterial activity (disc diffusion assay)

Results and Discussion
Chemical components of the tomato seed oil GC-MS analyses of the tomato oil led to the identification of 87 compounds (see Fig.   1 ), representing 95.20% of the total oil. The identified compounds (peak area ≥ 0.10%) are listed in Table 1 in the order of their elution from an Rxi-5Sil MS column. As shown in Table 1 , the major compounds detected in the oil were cycloeucalenol (25.67%), oleic acid (16.70%), linoleic acid (7.85%), palmitic acid (6.08%), and octadecanoic acid (5.78%), which mainly belong to alcohol, acid, phenol and some other essential phytochemicals.
Among 87 identified compounds, only 8 of them have been reported, which are oleic acid, palmitic acid, heptadecanoic acid, octadecanoic acid, linoleic acid, 9-octadecenoic acid (Giannelos et al., 2005) , stigmasterol and cycloartenol (Eller et al., 2010) .
The presences of phenolic acids, polyphenols and flavonoids were firstly discovered, these compounds play very important in their antioxidant activities and antibacterial properties.
Antioxidant activity Due to the complex reactive facets of SI, Similarity; Percentages are the means of three runs and were obtained from electronic integration measurements using selective mass detector. phytochemicals in general and tomato seed oil in particular, it has been recommended that the antioxidant activities of the oil must be tested by at least two systems to establish authenticity (Tenore et al., 2011) . For this reason, the antioxidant activity of tomato seed oil was demonstrated by two spectrophotometric methods: DPPH and HRSA. In this study, the ability of tomato oil sample to scavenge DPPH radical and OH· radical were determined on the base of its concentration providing 50% inhibition (IC 50 and EC 50 ). The IC 50 or EC 50 value was defined as the concentration of the sample necessary to cause 50% inhibition, which was obtained by interpolation from linear regression analysis (Yang et al., 2010) .
A lower IC 50 or EC 50 value is associated with a higher radical scavenging activity.
DPPH radical scavenging activity DPPH radical scavenging assay is widely used to test the ability of compounds to act as free radical scavengers or hydrogen donors, and to evaluate antioxidant activity of foods (Bubonja-Sonje et al., 2011) . DPPH is a stable organic free radical with an absorption wavelength at 517 nm, which can readily experience reduction in the presence of an antioxidant. It loses this absorption on accepting an electron or a free radical species, which results in a visually noticeable discolouration from purple to yellow. It can accommodate many samples in a short period and is sensitive enough to detect active ingredients at low a concentrations (Hseu et al., 2008; Zhu et al., 2011) .
Here, DPPH radical was firstly chosen to investigate the scavenging activity of tomato seed oil, and the results were illustrated in Table 2 . The inhibition value (IC 50 ) observed for the oil was significantly higher than that of BHT due to a low amount of phenolic components in the oil (Salleh et al., 2011) . Earlier study has shown that kenaf seed oil might actually possess better antiradical activity if compared with some commercial edible oils (canola oil, corn oil and so on) and it can potentially serve as high antioxidative edible oil. Compared with this study, the IC 50 value for tomato seed oil was 1590 µg/mL, only about 13% of that of kenaf seed oil, 12270 µg/mL (Chan and Ismail, 2009 ). This result showed that the tomato seed oil might actually possess better antiradical activity if compared with kenaf seed oil and it can potentially serve as a high antioxidative edible oil.
Hydroxyl radical scavenging activity HRSA method was also applied to determine antioxidant effect of the oil. The hydroxyl radical is one of representative reactive oxygen species generated in the body. In the HRSA assay, the ability of sample to scavenge hydroxyl radical was determined on the base of its concentration providing 50% inhibition (EC 50 ). EC 50 values of the oil and positive control (BHT) are listed in Table 2 . The inhibition value (EC 50 ) observed for the oil was significantly lower than that of BHT (p < 0.05). The tomato seed oil had the low DPPH radical scavenging activity (IC 50 = 1590.01 ± 0.10 µg/mL) while showed the strongest HRSA activity (EC 50 = 2.76 ± 0.16 µg/mL). The difference in the HRSA and DPPH assays for sample might be due to the difference in the size of radicals or in the accessibility of antioxidants to the radical Centre (Joubert et al., 2004 ).
Based on above experimental results, it can be concluded that the tomato seed oil may possess highest antiradical activity among commercial edible oils, which is probably due to the higher level of contained unsaturated fatty acids (such as linoleic acid) and other antioxidant contents, such as cycloeucalenol (25.67%), tocopherol (0.48%) and sitosterol (0.60%) (Fang et al., 2005) .
Antibacterial activity Disc diffusion test may be used as a preliminary screen for susceptibility testing, and this method is Table 3 , it can be seen that the oil had no considerable antibacterial activity against A. baumannii, S. epidermidis and E. faecalis at tested concentrations; but showed medium antibacterial activities to S. aureus, E. coli, S. flexneri and P. mirabilis, the higher concentration, the more antibacterial efficiencies attained.
Standard antibiotic gentamycins, Chloramph-enicol and Roxithromycin, were used as control samples. In tested condition, just like the tomato seed oil, both standard antibiotic gentamycins showed no antibacterial activities to A. baumannii, S. epidermidis. Compared with no antibacterial activities using the oil and Roxithromycin, Chloramphenicol showed antibacterial activities to E. faecalis. Both standard antibiotic gentamycins showed little antibacterial activities to P. mirabilis, in contrast, the tomato seed oil showed a moderate antibacterial activity. To the other four bacteria, the antibacterial activities of the oil were less than those of control samples. Taken together, the tomato seed oil showed varied levels of antibacterial activity against four of seven tested bacteria.
These may be caused by complex components in the oil, as some of which, i.e. polyphenols, flavonoids, and vitamin E, possess antibacterial activity (Hussain et al., 2008) .
Conclusions
In conclusion, GC-MS analyses of the tomato seed oil led to the identification of 87 compounds, representing 95.20% of the total oil. The major components were found to be cycloeucalenol 
